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(54) Smart card having a non-volatile memory with a novel mapping 



(57) A smart card with a non-volatile memory with a 
novel configuration that extends the functionality thereof 
while providing an interface that is compatible with ex- 
isting smart card systems. The smart card has a proc- 
essor for executing applications and a memory, coupled 
to the processor, for storing multiple applications. The 
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memory has a mapping that includes a first application 
area for storing applications, a second application area 
for storing applications, and a third application area for 
flexibly extending the functionality of the smart card. The 
portions of the mapping that are unrelated to the exten- 
sion of functionality are configured to be compatible with 
existing smart card systems. 
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Description 

[0001 ] This invention relates generally to secure port- 
able tokens, such as smart cards and in particular to 
smart cards having a non-volatile memory with novel 
mapping. 

[0002] As is well known, a smart card may be a plastic, 
credit card-sized card containing a semiconductor chip, 
such as a microprocessor built into the smart card so 
that it may execute some simple application programs, 
which may be referred to as applets. Some examples of 
the applications in a smart card include security and au- 
thentication, information storage and retrieval, and cred- 
it and debit operations for managing value accounts, 
such as prepaid phone time and debit accounts. Each 
value account application on the smart card has a par- 
ticular type of use rights associated with the application. 
For example, a prepaid phone time application may 
have a predetermined number of prepaid phone min- 
utes that are used up as phone calls are made with the 
card, and a prepaid public transit account may have an 
initial preset monetary values which is debited with each 
use of public transportation. To store and execute these 
applets, these smart cards have a built-in memory and 
processor. In order to ensure the security of the use 
rights on these smart cards, only the processor within 
the smart card may ordinarily alter the value of the use 
rights, and only after an authorization sequence has 
been successfully conducted. The network in which the 
smart card is being used does not have any direct ac- 
cess to the memory of the smart card nor to the use 
rights of any application. 

[0003] There are generally two different types of 
smart cards, i.e., disposable smart cards and perma- 
nent, non-disposable smart cards. A disposable smart 
card may have a rudimentary semiconductor chip em- 
bedded within the smart card and may have a limited 
amount of memory and some hardwired logic. The dis- 
posable smart cards may have a predetermined initial 
amount of prepaid use rights or other value stored in the 
memory of the smart card established when the smart 
card is manufactured. The prepaid use rights are then 
depleted as the smart card is used. Prepaid phone cards 
or subway fare cards are examples of disposable smart 
cards because these smart cards are thrown away after 
the prepaid use rights are depleted. These disposable 
smart cards are inexpensive because of the rudimentary 
semiconductor chip, but they have limited utility since 
their stored value may not be replenished, and other ap- 
plications may not be installed on them. Due to the lim- 
ited memory and processing power, these disposable 
smart cards also may not execute sophisticated crypto- 
graphic algorithms, which means that these disposable 
smart cards are less secure. 

[0004] The non-disposable, permanent smart cards 
may have a more complex semiconductor chip embed- 
ded within the card, and may have a programmable mi- 
cro-controller and an expanded memory. The memory 



may store one or more applets that have separate pre- 
determined amounts of use rights for different functions. 
Importantly, these permanent smart cards have use 
rights that may be replenished so that the permanent 

s smart card need not be discarded once the use rights 
are depleted. Examples of these permanent smart cards 
include banking cards according to the Europay/Mas- 
tercard/Visa (EMV) standard, and pay television access 
control cards. These permanent smart cards have more 

10 memory for storage of multiple applets and the use 
rights on the smart card may be separately and inde- 
pendently replenished. However, these permanent 
smart cards are also more expensive due to the addi- 
tional memory and the microcontroller, and the card is- 

15 suer may only perform the replenishment. 

[0005] Initially, many companies issued disposable 
smart cards due to the lower initial investment. However, 
due to the security concerns of these disposable smart 
cards and the limited applications that may be run on 

20 these disposable cards, the current trend is to use per- 
manent smart cards because several applications may 
be loaded onto a single permanent smart card. The per- 
manent smart card is also more secure because more 
sophisticated cryptographic techniques may be used. 

25 [0006] Most conventional permanent smart cards 
may have a memory unit that may include a read only 
memory (ROM), a random access memory (RAM), and 
a non-volatile memory (NVIvl). The NVM may be, for ex- 
ample, a flash memory such as a flash electrically eras- 

30 able programmable read only memory (Flash EEP- 
ROM), or an EEPROM. These permanent smart cards 
receive all of their power from the terminal to which they 
are connected during use. As a consequence, the RAM, 
which is volatile memory, may be used only as a scratch 

35 pad memory for simple computations that do not need 
to be stored. The ROM, which is permanent, may store 
the operating system (OS) of the smart card and other 
programs that do not need to be updated or changed, 
such as certain permanent applets. The NVM may store 

40 certain applets and the use rights or values associated 
with all applications in the smart card. These conven- 
tional permanent smart cards may have multiple appli- 
cations that reside in the memory of the smart card. 
[0007] Unfortunately, the current memory maps in the 

45 NVM have several disadvantages. For example, the 
current memory maps tend to have limited applications. 
Also, the prior art memory maps do not offer the flexibil- 
ity to incorporate new applications without substantially 
re-programming the software and re-configuring the 

50 hardware of such systems. Also, the current mappings 
are at times rigid and further limit the scope of utilization 
of such cards. 

[0008] Accordingly, there is a need for a system and 
method for using a novel memory mapping which avoid 
55 these and other problems of known devices, and it is to 
this end that the present invention is directed. 
[0009] According to one embodiment of the present 
invention, a smart card with a non-volatile memory with 
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a novel configuration that extends the functionality 
thereof while providing an interface that is compatible 
with existing smart card systems Is provided. The smart 
card has a processor for executing applications and a 
memory, coupled to the processor, for storing multiple 
applications. The memory has a mapping that includes 
a first application area for storing applications, a second 
application area for storing applications, and a third ap- 
plication area for flexibly extending the functionality of 
the smart card. The portions of the mapping that are un- 
related to the extension of functionality are configured 
to be compatible with existing smart card systems. 
[0010] FIG. 1 illustrates a block diagram of a smart 
card configured according with one embodiment of the 
present invention. 

[0011] FIG. 2 Is a table illustrating an exemplary pro- 
tocol. 

[0012] FIG. 3 illustrates a block diagram of the non- 
volatile memory of FIG. 1 according to one embodiment 
of the present invention. 

[0013] FIG. 4 illustrates the memory areas of a non- 
volatile memory in accordance with one embodiment of 
the present Invention, 

[0014] FIG. 5 illustrates an exemplary memory map- 
ping configured in accordance with one embodiment of 
the present invention. 

[0015] The subject invention will be described with 
reference to numerous details set forth below, and the 
accompanying drawings will illustrate the invention. The 
following description and the drawings are illustrative of 
the invention and are not to be construed as limiting the 
invention. Numerous specific details are described to 
provide a thorough understanding of the present inven- 
tion. However, in certain instances, well-known or con- 
ventional details are not described in order not to un- 
necessarily obscure the present invention in detail. In 
the drawings, the same element is labeled with the same 
reference numeral. 

[0016] This invention is particularly applicable to a 
smart card that employs a novel memory mapping. In 
this context, the invention will be described. However, it 
will be appreciated, however, that the system and meth- 
od in accordance with the invention has greater utility. 
[0017] FIG. 1 is a block diagram of a smart card 20, 
also known as a token, of the type with which the inven- 
tion may be employed. The smart card may be used in 
connection with the system and method of loading ap- 
plications into a smart card in accordance with the in- 
vention. The smart card may preferably be a permanent 
smart card, but may also be a disposable smart card. 
This smart card 20 may have a processor or CPU 22 
and a memory 24. The memory may comprise a read 
only memory (ROM) 26, a random access memory 
(RAM) 28, and a non-volatile memory (NVM) module 30 
that is described in greater detail hereinafter with refer- 
ence to FIG, 3. The NVM module may utilize any type 
of writable nonvolatile memory, such as an electrically 
erasable, programmable read only memory (EEPROM), 



a battery backed RAM, or a flash memory, that may re- 
tain stored data when no electrical power is supplied to 
the memory. The ROM may preferably store the oper- 
ating system (OS) which controls the operation of the 
5 CPU of the smart card, and the RAM may be used as a 
temporary scratchpad memory. Because the smart card 
receives its electrical power from the terminal into which 
it is inserted, as described below, all of the contents of 
the RAM will be lost when the smart card is removed 
10 from the terminal. The NVM may preferably be used to 
store one or more applications that may be referred to 
as applets due to the small size of the actual program 
code. Each of these applets may have associated use 
rights that are specific to the applet. Other permanent 
*s applications that do not change, such as a credit/debit 
program, may be stored In the ROM. 
[001 8] The processor 22 controls the operation of the 
smart card. The processor may be connected to all of 
the memories within the memory system 24. Since there 
are use rights associated with an application, there is a 
need to make the smart card secure to prevent theft or 
alteration of the use rights. To accomplish this security, 
the processor is the only system that is capable of ac- 
cessing any of the memories. There is no direct access 
to any of the memories from outside of the smart card. 
In addition, any outside access to the memories of the 
smart card must be conducted through an input/output 
(I/O) line 32 that is connected to the processor 22. The 
smart card may also have more than one I/O line pro- 
vided that access to each I/O line is carefully controlled 
so that there is no direct access to any of the memories 
from outside of the smart card. Thus, the processor may 
authenticate and validate incoming requests prior to 
making any change in the use rights of an application 
stored in the smart card, and may prevent unwanted or 
illegal attempts to decrease the use rights of an appli- 
cation. This authentication and validation may be con- 
ducted using cryptographic systems, such as public key 
encryption, or any other security system. The I/O signals 
32 may conform to a predetermined protocol. 
[0019] FIG. 2 is a table illustrating an exemplary pro- 
tocol. Specifically, FIG. 2 describes the ISO contact, pad 
name, and description of contacts for a smart card that 
conforms to International Standard Organization (ISO) 
781 6. For a general description on smart cards and their 
applications, please refer to Ayer, Kenneth R. and 
Schuler, Joseph R, Smart Card Primer, 1994, Minneap- 
olis, Minnesota, The Schuler Consultancy. 
[0020] The details concerning the mechanical and 
electrical specifications of the smart cards are generally 
well-known and standardized. One such set of stand- 
ards is published by the American National Standards 
Institute (ANSI), 11 East 42nd Street, New York, NY 
10036 under the title, "Identification Cards-Integrated 
Circuits Cards with Contacts," International Standards 
Organization (ISO) ISO 7816, which is incorporated by 
reference herein. 

[0021] Other International Standards Organization 
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(ISO) standards are directed to other aspects of smart 
cards, such as electrical signals and transmission pro- 
tocols, inter-industry commands for interchange num- 
bering systems and registration procedure for applica- 
tion identifiers, and inter-industry data elements. Spe- s 
cific applications and uses of smart cards may also have 
their own standards. For example, standards for smart 
cards related to telecommunication (e.g., smart cards 
for use with mobile telephones) are defined by GSM, 
and standards related to financial transaction are ad- 
dressed in ISO 9992 and ISO1020. 
[0022] In Europe, groups have developed their own 
set of standards for smart cards. For example, the Eu- 
ropean Telecommunication Standards Institute (ETSI), 
the European Committee for Banking Standards 
(ECBS), and the Commite Europeene de Normalisation 
(CEDN) have all published their own set of standards. 
[0023] These smart cards are manufactured by and 
are commercially available from several companies, in- 
cluding the assignee of the present invention, Schlum- 
berger Test & Transactions of Montrouge, France. Sch- 
lumberger is a leading provider of smart card-based so- 
lutions worldwide who continues to evolve the next gen- 
eration of smart cards, parking terminals, ticketing ma- 
chines, pay phones, banking terminals, servers, soft- 
ware, applications and systems integration. 
[0024] The organization of the non-volatile memory 
30 of the smart card will now be described. FIG. 3 illus- 
trates a block diagram of the non-volatile memory 30 of 
FIG. 1 according to one embodiment of the present in- 
vention. The non-volatile memory 30 may include a 
power on reset (POR) module 304 that has a first input 
for receiving the operating voltage (e.g., Vcc) and a sec- 
ond input for receiving the ground voltage (e.g., Vss). 
The power on reset (POR) module 304 detects the op- 
erating voltage as is ramps from 0V to a valid operating 
voltage and in response resets the address counter 308 
and resets any internal if lags or signals. The non-volatile 
memory 30 may also include an address counter 308 
that has afirst inputfor receiving a reset signal, a second 
input for receiving the clock and address control signal, 
a third input for receiving the programming control sig- 
nal, and a fourth input for receiving a power on reset 
signal from the POR module 304. Based on these input 
signals, the address counter 308 provides a signal re- 
lated to an address a memory 312 and the security logic 
block 31 6. The memory 31 2 may be a non-volatile mem- 
ory, which is this non-limiting example may be an elec- 
trically erasable , programmable read only memory 
(EEPROM). The non-volatile memory 30 may also in- 
clude a security logic module 316 that is coupled to the 
address counter 308 and the memory 312 for informa- 
tion exchange. The security logic module 316 receives 
the signal related to the address, the security and fuse 
control signal, and data from memory 312, and selec- 
tively exchanges data with other components in the 
smart card 20. 

[0025] FIG. 4 illustrates the memory areas of a non- 



volatile memory in accordance with one embodiment of 
the present invention. The memory 312 may include a 
fabrication area 400, which may store data specified and 
predetermined by the chip manufacturer. Fabrication ar- 
ea 400 is programmed by the chip manufacturer and 
may not be changed. Accordingly, only read access is 
allowed in the fabrication area 400. The memory 312 
may have an issuer area 404 for storing issuer specific 
information, such as serial numbers and dates. A card 
issuer may program the issuer area 404 during the per- 
sonalization phase. After the issuer fuse, which is de- 
scribed in greater detail hereinafter, has been blown, is- 
suer area 404 becomes a read-only area. 
[0026] The memory 312 may also have a security 
code area 408 for storing a predetermined security code 
that is programmed by the chip manufacturer. During - 
personalization, this security code must be entered and 
verified by the security logic 316 before access to the 
memory 31 2 is granted. Specifically, erase and write op- 
erations are allowed in application areas 1, 2, and 3, 
(areas 420, 428, and 450) and the Code Protected Area 
416 when the security code is verified. Once this code 
has been entered and verified, the issuer may change 
the security code. The security code area 408 protects 
the NVM module 30 during transportation to the card 
issuer. 

[0027] The memory 312 may also have a security 
code attempts counter 412 for counting the number of 
consecutive incorrect presentations of the security 
code. After a predetermined number of consecutive in- 
correct security code presentations, the first four bits of 
the SCAC are written to M 0\ thereby the user is perma- 
nently blocked from access to the application areas 
(420, 428, and 450) and other areas controlled by the 
security code. 

[0028] The memory 312 may also have a code pro- 
tected area 416 that allows read access, but requires 
security code verification prior to write access being 
granted. 

[0029] User application data may be loaded into one 
of three applications areas, such as application area 1 
420, application area 2 428, or application area 3 450. 
Each application area may have associated therewith 
related areas. For example, application area 1 , applica- 
tion area 2, and application area 3 each has an associ- 
ated erase key area (e.g., 424, 432, and 454, respec- 
tively). 

[0030] A novel aspect of the present invention is the 
provision of a third application area 450 for flexibly ex- 
tending the functionality of the smart card while main- 
taining compatibility with smart cards having a non-vol- 
atile memory configured with existing memory configu- 
rations and mappings. Specifically, the interface of the 
smart card is maintained so that no re-work or modifi- 
cation of existing software or terminal applications is 
needed. For example, the third application area 450 
may be utilized for implementing a new service applica- 
tion without changing the entire system (e.g., the soft- 
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ware, the terminal applications, the mapping of the non- 
volatile memory 30 un-related to the extension of func- 
tionality). Accordingly, existing terminals, such as a 
point-of-sale (POS) terminal, vending machine, etc. 
may read a smart card having a NVM 30 with the novel 
configuration of the present invention without compati- 
bility problems, in this manner, a smart card equipped 
with the NVM 30 configured in accordance with the 
teachings of the present invention allows a new service 
or application to be introduced in a progressive manner 
and non-interrupting manner. 

[0031] Moreover, the third application area 450 may 
be utilized to store additional information. One applica- 
tion may be the storage of information that may be used 
to identify and authenticate a particular user. For exam- 
ple, this information may be related to one's fingerprint 
or other identifying indicia. In this regard, it is preferable 
for the third application area 450 to have a size that is 
greater than the size of the first application area 420 or 
the second application area 428, although this may not 
be desired in ail cases. For example, the third applica- 
tion area 450 may include 512 bits, which is twice the 
size of the first application area 420 and the second ap- 
plication area 428 that are each typically 256 bits in size. 
It is noted that the size of the third application area 450 
may be varied to suit a particular data or service related 
application. 

[0032] Another novel aspect of the memory mapping 
of the present invention is the provision of fuse areas in 
the memory map. In accordance with one embodiment, 
the memory 31 2 may include a manufacturer's fuse 448, 
an erase counter fuse 452, and an issuer fuse 456. The 
manufacturer's fuse 448 is used to control Write and 
Erase operations to the manufacturer's area 444. When 
the security code has been validated and both the issuer 
fuse 456 and the manufacturer's fuse 448 are unblown, 
Write and Erase operations are allowed in the manufac- 
turer's area 444. Blowing the issuer fuse 456, disables 
the manufacturer's fuse 448 if it has not been blown pre- 
viously. 

[0033] The erase counter fuse 452 determines wheth- 
er the erase counter 2 432 is utilized to limit the number 
of erases in application area 2 in security mode 2. If the 
erase counter fuse is "unblown", then the number of 
erases in the application area 2 are limited to a prede- 
termined number (e.g., 128), which is the current max- 
imum set by prior art mappings. The novel memory map- 
ping of the present invention allows the disabling of this 
maximum so that un-limrted erases are allowable. If the 
erase counterf use is "blown", then the number of erases 
to the application area 2 is unlimited. It is noted that after 
the issuer fuse 456 is blown, the state of the issuer fuse 
456 is locked and may not be changed. 
[0034] The issuer fuse 456 may be a single bit EEP- 
ROM fuse that is utilized to change the security mode 
of NVM module 30 from security mode 1 to security 
mode 2. When in security mode 1 , the NVM module 30 
may be personalized for use in different smart cards 20. 



Access conditions in security mode 1 and access con- 
ditions in security mode 2 are well known in the art and 
is not described herein. 

[0035] FIG. 5 illustrates an exemplary memory map 

5 for memory 312 in accordance with one embodiment of 
the present invention. The memory map specifies the 
bit address and the number of bits for each of the mem- 
ory areas described hereinabove. It is noted that the bit 
addresses, the number of bits for each memory area, 

10 and the placement of the areas within the memory map 
may be modified to suit a particular application. 
[0036] A method of blowing the manufacturer's fuse 
area 448 according to one embodiment of the present 
invention is now described. First, the address counter 

*5 308 is set to a predetermined address range (e.g., an 
address between address 944 and address 959). Next, 
it is determined if a valid security code been presented. 
If no, the manufacturer fuse area is not modified. If yes, 
a "0" is provided to the reset (RST) pin. Next, a write 

20 operation is performed. After these sequence of steps, 
the manufacturer fuse 448 is at a logic "0" state. It is 
noted that the security and fuse control (FUS) pin may 
be either a "0" or a "1" during this process. 
[0037] A method of blowing the erase counter fuse 

25 452 according to one embodiment of the present inven- 
tion is now described. The address counter 308 is set 
to a predetermined address range (e.g. , an address be- 
tween address 960 and address 975). Next, it is deter- 
mined if a valid security code been presented. If no, the 

30 erase counter fuse area 452 is not modified. If yes, a "1 " 
is provided to the security and fuse control (FUS) pin. 
Then, a "0" is provided to the reset (RST) pin. Thereaf- 
ter, a write operation is performed. After these sequence 
of steps, the erase counter fuse area 456 is at a logic 

35 -estate. 

[0038] A method of blowing the issuer fuse area 456 
according to one embodiment of the present invention 
is now described. The address counter 308 is set to a 
predetermined address range (e.g., an address be- 

40 tween address 992 and address 1 007). Next, it is deter- 
mined if a valid security code been presented. If no, the 
issuer fuse area is not modified. If yes, a "0" is provided 
to the reset (RST) pin. Then, a write operation is per- 
formed. After these sequence of steps, the issuer fuse 

45 area 456 is at a logic "0" state. It is noted that the security 
and fuse control (FUS) pin may be either a "0" or a "1" 
during this process. 

[0039] While theforegoing has been with reference to 
a particular embodiment of the invention, it will be ap- 
se predated by those skilled in the art that changes in this 
embodiment may be made without departing from the 
principles and spirit of the invention, the scope of which 
is defined by the appended claims. 

55 

Claims 

1 . A smart card comprising: 
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a processor for executing an application; 
a memory, coupled to the processor, for storing 
multiple applications, the memory having a 
mapping that includes a first application area 
for storing applications, a second application 5 
area for storing applications, and a third appli- 
cation area for flexibly extending the function- 
ality of the smart card; wherein the portions of 
the memory unrelated to the extension of func- 
tionality are configured to be compatible with io 
existing smart card systems. 

2. The smart card of claim 1 wherein the third applica- 
tion area is utilized to implement a first service ap- 
plication. 15 

3. The smart card of claim 1 wherein the third applica- 
tion area is utilized for storing information for use in 
authentication purposes. 

20 

4. The smart card of claim 1 wherein the first applica- 
tion area has a first size, the second application has 
a second size, and the third application area has a 
third size that is greater than the first size and the 
second size. 25 

5. The card of claim 4 wherein the first size and second 
size is 256 bits, and the third size is 512 bits. 

6. The smart card of claim 1 wherein the mapping of 30 
the memory further comprises: a manufacturer's ar- 
ea for storing information related to the smart card 
manufacturer; and a manufacture fuse area for con- 
trolling write and erase operations to the manufac- 
turer's area. 35 

7. The smart card of claim 1 wherein the mapping of 
the memory further comprises: an erase counter 
fuse for use in determining whether the number of 
erases in the second application area is limited to a *o 
predetermined number or unlimited. 

8. A non-volatile memory for storing multiple applica- 
tions and adapted to be coupled to a processor for 
processing the applications, said memory compris- 
ing; 

a first application area for storing applications; 
a second application area for storing applica- 
tions; and a third application area for flexibly ex- so 
tending the functionality of the smart card; 
wherein the portions of the memory mapping 
unrelated to the extension of functionality are 
configured to be compatible with existing smart 
card systems. 55 
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